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éIﬁGﬂE- AND DUAL-ROTATIN& TRACTOR PROPELLERS
| By Jean Gilman, Jr.

i SUMMARY

A program of outdoor tests was carried out to
determine the static-thrust and torque characteristics
of single- and dual-rotating rropellers for use in air-
craft propeller design and in take-off performance estli-
mation. The propellers used for the tests were 10 feet
in dlameter and were made up of blades of Hamilton
Stendard design, drawing numbers 3155-6 and 3155-6-1.5.
The characteristics were investigated over a consliderable
range of solldity for both single- and dual-rotating pro-
pellers. 3lade-asngle settings ranged from 10° to }40°
in 5° increments.

The propeller characteristics are presented as func-
tions of the blade-angle setting at the three-quarters
radius ang, for some comparlisons, as a function of the
power coefficient. Deslign charts  showing the varliation
of thrust with total activity factor are included.

-Dual-1rotatir g propellers showed substantlally higher
statliec-thrust and power absorption than the corresponding
single-rotating propellers. At equal power absorption
the statlie thrust of the six-blade dual-rotating propeller
was approximately equal to that of the eight~blade single-
rotating prope’® i,.both wlth standard-width bladea., A
wlde-blade single-rotating propeller produced a slightly
higher statlc thrust than did the propeller of equal
solidity with standard-wlidth blades. Falred data from
the extrapolation of wind-tunnel test curves to zero
V/nD were found to be generally consistent and of suf-

+ fletent accurscy for use in most preliminary propeller
calculations.
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INTRODUCTION

The statlic-thrust and torque characteristics of
alroraft proypellers are often required in take-off
calculatiors and propeller selection. Since only a
limited amount of static-test data 1s avallable (refer-
ence 1), the data are usually obtained by the extrspola-
tion of wind-tunnel test curves to zero advance-diameter
ratio. Data obtained by this method, while generally
satisfactory, have sometimes led to conflicting conclusions
mainly because of the sparsity of data at low airspeeds.

In order to obtaln true static condition and to
avoid the undesirable features of indoor testing, a
balance rig was constructed to permit outdoor testing.
The identical propeller-nacelle combination used in
references 2 and 3 wes used in the outdoor tests at
the NACA proreller-research tunnel to expand the scope
of avallable informetion and to permit the dlrect com-
parison of the actusal static-test results with those
extrapolated from wind-tunnel tests.

The program covered tests of two-, three-, four-,
six-, and eight-blade single-rotating and four-, six-,
and eight-blade duval-rotating propellers of standard-
blade width. 7In addition, three- and four-blaede single-
rotating and six- and sight-blade dual=-rotating pro-
pellers of 50 psrcent lncrease in thickness and blade
widﬁgcwere included. The blade-angle range was from 10°
to .

METHODS AND APEARATUS

A general idea of the test setup 13 glven by fig-
ure 1. By following through the linkages indicated in
figure 2, it may be seen that the balance reading dif-
ference was proportional to the thrust by a ratio of
the moment arms ac/bd. The thrust measured in this way
included a negative component due to the drag of the
nacelle .body and supports in the propeller slipstream,
Caleculations baséd on test data of reference 2 from
wind-tunnel drag runs of the nacelle body alone indicated
that this drag was 1.2 percent of the measured thrust.
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The engine-nacelle body and propellers were those
used in the previously mentioned wind-tunnel tests.
(See references 2 and 3.) The motor artrangemient "and the
spring-selayn dynamometer used to measure the torque  ere
described in reference 2. Dimensional details of the
nacelle from reference 2 are reproduced in figure 3.

The propellers were of 1l0-foot dlameter, Hamilton
Standard design with drawing numbers 3155-6 for the

right hand and 3156-~6 for the left-hand blades and with
Clark Y sectlons:throughout. Also included were pro-. .
pellers of the same diameter, blade sesctlions, pitech-dis-
tribution, and thickness ratio, but with blades 5C per-
cent wlider and thidker. These will hereafter be referred
to as "wlide blades," and thé drawing numbers are modified
to 3155-6-1.5 and-3156-6-1.5. Blade-form curves for

both standard-width and wide blades are given in figure L.

Check tests, with and without spinners, showed a
negligible difference in the propeller characteristics
for the static conditlion. A corsiderable saving of time
In changling blade angles was.e¢ffected in these tests by
omitting the spinner surface. . : '

Two-, three-, and four-blade single-rotating pro-
pellers were tested with the blades in the rear hub.
The slx- and elght-blade single- and dual-rotating
propellers tere made up on two hubs in tendem, each hub
having an cqual number of blades. The hub spscing was
10 inches for bhoth single and. dual rotation.

-The position of the shaft splines prevented -equi-
angular ‘spacing of the bledes for.the six- and eight-
blade single-rotating propellers. The front blades led
the rear blades by 75° for the six-blade propeller and
52.5° for the eight-blade propeller. Results of refer-
ence li indicate that this unequal spacing would not
affect the results. ‘ )

The, dual-rotating runs were made at equal front
and rear propeller rotetional speeds .with the blades of
the front component set in equal increments of 5° each
but .with the rear component adJusted to a slightly smaller
angle. .. The .differential settings, which are those glving
approximately equal front and rear torque at peak efficilency,
are given In figure 5, These settings were used because
normally the flisht efficiency of the propeller is of
primary importance and also because the static tests are
to supplement previously published wind-tunnel dats.
(See references 2 and 3.)



Blade engles were varied from 10° to 'L0° in 5°
increments, with the exception that dual-rotating gro-
pellers with wide blades were not teated beyond 35" -
because the 1l0-1nch hub spacing did not permit passage
of the bladea at higher settings.

At each blade-setting, several readings of thrust
and torque were made over e small range of rpm. The
test points thus obtained were plotted agalnst rpm
as shown in figure 6, faired, and the faired value was
corrected for wind veloecity. :

" The low power of the electric propeller-drive
motors (two 25-horsepower induction motors) prevented
eny sensible occurrence of compressibllity effects.
The highest rotstional speed (550 rpm at low blade
angles only) resulted in a maximum attainable ratio
of tip speed to the velocity of sound of 0.23.

The Regnelds number varied depending on the blade
width and on the rotational spsed obtainable. Based on
the chord at 7.75 R, 1t was of the order of 900,000 for
the standard-width blades,

Tests were made outdoors sufficiently far away from
bulldings or other obstructlions that might have affected
the flow. The limiting wind velocity beyond which test-
ing was not done was taken as 5 miles per hour, plus or
minus (plus or minus in the sense that a small positive
or negative V/nD would result). Readings of wind
velooity taken before and after eadh run on a vane-type
anemométer were averaged in making the small correc-
tions to the observed results. Teating in cross winds
was avolded. . . :

The accuracy of static-thrust tests conducted
outdoors is lower than the wind-tunnel tests, partly
because at the higher blade angles any wind velocity
would have the effect of stalling or unstalling a por-
tion of the blades, deprending on its megnitude and
direotion relative to the normal induced inflow veloecity.
This fect would make any method of correction to actual
statio conditions less reliable, and is a soursce of
possible error not present in wind-tunnel tests,
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"- ‘RESULTS AND DISCUSSION
The results are reduced to dimangionlessléoeffi-
clents as follows: '
c' _ . Te
T ° ;;E;E
Co = 2m Q _ P
. P mip) T pndpd
Op. = 2mm QE
! F m5D5
'21m 'Q'R
PR m5D5
Cp_s Cp subscripts F and R refer to front snd
F R rear components of dual-rotating propellers
Cq/Cp statle-thrust figure of merit
v/nD advance-dlameter ratio

Standard NACA symbols are used:
T tension in pFopeller shaft, pounds

AD additional drag of nacelle and struts caused by
propeller slipstream, pounds

=T . AD effective thrust, rounds

power absorbed by propeller, foot-pounds per second

Te

P

Q . “propeller torque, pound~feet.. -

n _propeller rotational speed, revolutions per second
D

propeller 4diameter, feet




, A

P mass density of alry slugs per cubic foot
R propeller radius, feet _
B blade angle at 0. 75R, degrees

The results are presented in plots showing the
propeller characteristics as_a function of the blade-
angle setting at the 0.75R.. Comparisons are made on
the basls of both blade-angle setting and power coefrfi-
clent, Table T is a complete 1list of the figures giving
these results, .

The basic statlec characteristics are presented in
figures 7 through 18, which are plots of Cps» Cp» 8nd

the ratic of Cp/Cp against'blade angle. The scattering
of the pointe, which are shown on the GT and GP curves,

is usually leass than 2 percent at blade engles less

than 20°. Abova 2C° the dispersal i1s as much as 5 percent,
which may be attributed to the previously cited wind
effect.

The stetic-thrust figure of merit, Cp/Cp, 1s of

practlcal uttlity 1n that 1t can be used to find the
statie thrust if the'propeller diameter, engine power,
end rpm are known because ) .

Cqp/Cp = TenD/F

This is a convenlent form for dealing with controllable-
pitch propellers where n 1s substantlally constant.
The effect of differences of propeller-body combinatlion
on AD, however, should be taken into account.

Flgures 19 and 20 show the variation of power
absorption wlth blade angle of the front and rear com-
ponents of the six-blade dusl-rotating propellers. Four-
-and elght-blade propeller results were similar. The coef-
ficlents for the front anfl rear components could have
been made equal by setting the blades for equal power
absorption at the static-thrust’ condition instead of at
maximum efficiency. .Reference 5 (fig. 36) indicates
that negligible increase in static thrust would result.
It should be remarked that the data from which -figures 19
and 20 were prepared were not corrected for wind velocity



since this correction.is very smalli, The sum' of GPF
&nd. ch tharefere w111 not neoaaaarily be. equa.;l. fto ~Cpe

&

composites or the oharacteristic curves are- pre-
aented 4in figures-21 and 22, "It 1s to be expected that
the' thirust or- power absorption of propellers would not
_vary-directly with solidity or activity factor because
~ of blade interference, and these curves are of particular
. ihterest in connection -with: this point because’ 6£ 'the wide
- -wapiation of solidity., The fact that -the solidity was
Jeovarted in two différent ways 1s of rurthar 1nterest .as
-ﬂill be more fully illustrated.

. ::¢ "V Pigune 21(e) presents curves of Cp as‘a tunotion

_-Iiﬁnqr blade angle for the standard-width propellersi’ These

s

: clurves show the gain in static thrust resulting froom
<. -inereasing the number of blades. Increasing the number
of blades also tends to delay the stall. Dual rotation
greases the thrust and gives & less severe stall than
single~-rotating propeller of corresponding solidity.
ﬂhe gurves.of C versus blade angle for .the wide-blade
ropellers are shown in figure 21(b). .No stalling vas
appérent for the six- and eight-blade dual-rotating -
'propellers in the range of blade angles tested
PR Figures 22(a) and (b) are composites of the power-
~ coefficient curves, which show how the power absorption
1ricreases with 1ncreasing number of blades, The greater
power absorption of the dual-rotating propellers, as com-
pared to that of the correapondins single-rotating pro-
v pellers, is evident, ' The four-blade single-rotating pro-
. - pellers, both with standard-width and wide blades;  show
a lessening .of the .rate of increase of pover absorpbion
starting between 25° and 309, which may be the effect of
blade interference. It would appear. from this reasoning
that the addition of more blades would accentuate.thils
affegt but - the power-coefficient curves of the six- and
. ﬁlade singlerotating propellers do not show ihe-
ef ect to the same .degnee &s the power-coefficient: curve
of the four-blade propeller, Both the six- and -eight-
- blade. propellers were tandem arrangements, however, . :
"~ which may. have. reduced the effect of blade 1nterferance
at zero  V{mD.



In figure 23 a comparison is made of two single-~
rotating propellers of equal solidity, but with one
propeller having four wide and the other having six
standard-width blades., Over the lower part of the
blade-angle range, the power absorption of the wide-
blade propeller is slightly less, but it becomes
slightly greater at the higher biade angles., The
static thrust of the four-blade propeller, however, 1is
slightly higher throughout most of the blade-angle range,
Some of the differences noted above could be ascribed
to Reynolds number effect, since both propellers were
run at approximately equai rotational speeds at equal
blade angles, It is also possible that some of the
differences were caused by the higher local inflow
velooity of the wide-blade propeller which would reduce
the blade element angles of attack and so delay the stall.
A more practical comparison of these two propellers 1is
given in figure 4 where CT/UP 1s plotted as a function

of Cp. The higher static thrust of the wide-blade
propeiler over most of the range tested is thus shown.

A comparison of Cp/Cp of the eight-blade single-
rotating with tiie six-blade dual-rotating propeller at
equal power absorption, both propellers having standard-
width blades, i1s given in figure 25, These curves indi-
cate that the six-blade dual-rotating propeller produces
more thrust at the higher power coefficlents than does
the eight-blade single-rotating propeller, in spite of
the difference in solidity.

The variation of Cp with total activity factor

at several values of Cp is given in figure 26, PFig-

ure 26(a) shovs that the single-rotating wide -blade
propellers produced a higher thrust for a given power
than the corresponding propellers of standard-width
blades, It zppears from figurs 26(b), however, that
the difference between dual-rotating propellers of
wide or standard-width blades i1s not so pronounced as
in the single~rotating case. The curves of dual-
rotating propellers having wide and standard-width
blades are practically continuous up to & power coef-
ficlent of about 0.6. As & first approximation the
thrust coefficient 1s the same for either propeller
at a given total activity factor,




~ COMPAFTSON OF STATIC TEST AND EXTRAFOLATED
eeem e s ~ - - -WEND=-TUNNEL RESULTS

Static~-thrust and power chardcterlistics have been
useful chlefly for estimating the length of take-off
run and for calculating nosing-over moments., Statlc-test
“data are usually unavailaeble for any particular proveller
design ‘and hence these data are usually obtained by the
extrapolation of wind-tunnel test curves to zero V/nD.
This method has been fairly satisfactory, but there may
be some quesation as to the reliabllity of this method in
the light of the recent development of alrcraft engines
of* 2CQ0 »r mor: horsepower. Several factors such
as dual rotatlion, propellers of high solidity, two-speed
gearing, and combinntions of these devices have coms into
prominence us means of efficlently absorbing thls increased
power at zero ond low sirspeeds. Rellable data are essen-
tlal in yroperly =2valuating the effect of variatlions in
these schemes.

The fect that many combinetions of single- and
dual-rotating r.rosellsrs had been previously tested in
a wind-tunnel rresented an opportunity to compare
extrapolated results with test results. Flrst, Cp and

Cp points at zero V/nD were obtained by extrapolation,

and lnconslistenclies were faired out after plotting these
points against blade angle. Curves of Cp and OCp

versus blade sngle obtained in this manner were then
superimposed on the test curves, as shown in flgures 27
and 28. The agreement between results from static tests
end those frem the extrapolation of wind-tunnel test
results 18 good in some cases end only fair in others.
An Important quantity in the application of these . ~
results 1a Cq/Cp. In figure 29 some of the results are

compared on this basis as a funoctlon of blade angle.

The largest varlation appears in the curves of the. four-
and six-blade single-rotating propellers. In the case

of the four-blade propeller,for example, the extrapolated
value of Cp/Cp varies from L. to 8 percent too high at

the lower blade anglés to as much as 19 percent too high
at the higher blade angles.

Where possible, the wind-tunnel values without wing
were used in order to correspond to the statlic-thrust
results. In almost every case, hovever, the wind-tunnel
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tests for the standard-width-blades; at 10° and-15°. blade
angle had been made only with the wing in place, but at
these low blade angles the twist in.the -slipstream would
be small so that the effect of a wing on a tractor pro-
peller would be negligible. From 20 on, these blades
had been tested both with and .without wing, thus permitting
comparison under- the same condition as the static tests..
Unfortunately, the wide blades had been tested only with.
wing through the entire blade-angle range. Nevertheless,
it seemed that the wide-blade comparisons would atill be
of interest.

It was shown in reference 2 that the presence of a
wing-in the slipstream reduced the rotational losses of
a single-rotating tractor propeller approximately 50 per-
cent. From the above statement it would be expected :
that the values of Cp from the static tests of the

wide-blade single-rotating propellers with no wing would.
be somewhat lower than the values from the wind-tunnel
tests ‘made with the wing, 'particularly at the higher

blade angles where the twlst of the slipstream 18 more
pronounced. This result i1s definitely indicated in

figure 27(c) by the Cp curves of the three- and four-
blade single-rotating propellers with wide blades. A :
similar effect would not be anticipated for dual rotation,'
because the rear component of the propeller would tend -

to remove the twist of the slipstream. This is confirmed
by the plots of the six- and elght-blade dual-rotating
propellers wit: wide blades (fig. 27(a)).

The genersl uniformity of extrapolated wind-tunnel
date as found Irn this investigation suggests that a
more accurate picture of the effect of a wing on a
tractor propsller might be obtained by comparlisons
based entirely on such date rather then basing the com-
parisons partly on static-test and partly on extrapolated
wind-tunnel data. In figures 30 and 31, use is made of
data from the extrapolation of wind-tunnel test results
of the six-blade single- and dual-rotating propellers both
with and without wing. (Data from reference 2.) At a’
value of Op of C.675, for example, Cp for the dual-

rotating propeller is 0.427 elther with or without wing,
while, for the single-roteting propeller, Cp 1s 0.357
with wing and 0.309 without wing. At this value of Cp
of 0.675, the wing increased the statioc-thrust coeffi=-

cient of the single-rotating propeller .by about 15 per-
cent, but dusl-rotation showed an increase over single rotation
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(without wing) of about 38 pergent. The effect of the
wing on 8ingle-rotating propellers, howeven is negligible
at blade angles representative of the take-off condition,
usually less than 30°.

CONCLUSIONS

The following conclusions are based on static-thrust
comparisons free of compressibllity effects. 1In the case
of the dual-rotating propellers the pitch settings were
agjuuted to provide equal torque and power at peak effi-
clency.

1l. Dual-rotating propellers exhibited a subastantial
gain 1n static thrust eand power absorption over the
corresponding singls-rotating prorellers.

2. On thy basiz of equal power absorption, the six-
blade dual-rotating propeller was found to be capable of
producing srproximately the same statlc thrust as the
eight-blade single-rotating propeller, both propellers
having stendard-width blades.

. At equal so0lidity or total activity factor, wide=-
blaede single~rotating propellers produced a higher static
thrust for s glven power coefflecient than did the equivalent
propellers with standard-width blades.

L. The agra-ment of Cq/Cp a8 obtained from static-
teat and extrapolated results of wind-tunnel tests, while
§enerally falr, was found 1In one case to vary as much as

9 percent.

Langley Memori al Aeronautlical Laboratory .
National Advisory Commlttee for Aeronautlcs
Langley Field, Va., June 25, 19kl
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Static-thrust test setup, with eight wide blades, arranged

Figure 1.-

for dual rotation.
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